Background {#Sec1}
==========

Arthropod-borne pathogens are transmitted biologically among vertebrate hosts by hematophagous arthropod vectors such as mosquitoes, ticks and other biting flies, such as sandflies. Phlebotomine sandflies (Diptera: Psychodidae, Phlebotominae) are small, fragile, nocturnally-active insects with weak direct flight capability, naturally feeding on a wide range of hosts \[[@CR1],[@CR2]\]. While members of the *Lutzomyia* genus are found in the New World, sandfly species classified in the genera *Phlebotomus* and *Sergentomyia* inhabit the Old World \[[@CR2],[@CR3]\]. Sandflies exhibit an extensive zone of distribution including southern, southeastern and central Europe, Asia, Africa, Australia, as well as central and south America \[[@CR1],[@CR4]\].

Phlebotomine sandflies are vectors of several bacterial, parasitic and viral pathogens with significant impact for public health. Among the most wide-spread and well-known are leishmaniases, bartonellosis, and sandfly-borne viral infections due to phleboviruses \[[@CR1],[@CR2]\]. Phleboviruses are enveloped viruses that possess single-stranded RNA genome in three segments which encode viral polymerase and proteins \[[@CR5]\]. They are classified as a genus in the Bunyaviridae family, and comprise over 70 viruses that constitute nine established and several tentative species \[[@CR5]\]. Exposure of a susceptible individual to certain phlebovirus isolates may result in a febrile disease called sandfly fever, also known as phlebotomus, papatacci or three-day fever, or neuroinvasive diseases \[[@CR3],[@CR6]\]. In the Old World, sandfly fever can be caused by several phlebovirus strains such as sandfly fever Sicilian virus (SFSV) and sandfly fever Naples Virus (SFNV), sandfly fever Cyprus virus (SFCV) and sandfly fever Turkey virus (SFTV) \[[@CR3]\]. Moreover, Toscana virus (TOSV), Granada virus and Adria virus are reported to be associated with phlebovirus-induced febrile conditions as well \[[@CR7]-[@CR9]\]. Although mortality or residual sequelea are rare, sandfly fever continues to be an highly-incapacitating and debilitating disease that can significantly affect the indigenous populations as well as travellers \[[@CR3],[@CR6]\]. The best-known phleboviral agent of sporadic seasonal meningitis/meningoencephalitis is TOSV \[[@CR3],[@CR7]\]. Neuroinvasive TOSV infections can also result in severe or fatal central nervous system involvement, peripheral neurological symptoms and sequelae such as paresis, persistent speech disorders and hearing loss \[[@CR10]-[@CR13]\]. Furthermore, other phlebovirus strains like SFSV, SFTV and Chios virus have sporadically been reported to cause neuroinvasive diseases as well \[[@CR1],[@CR14],[@CR15]\]. Overall, phleboviral infections are endemic in regions where the vector sandfly species circulate \[[@CR3]\].

Leishmaniasis, caused by the flagellate protozoans of *Leishmania* genus (Kinetoplastida: Trypanosomatidae), represents another sandfly-borne infection posing a significant public health problem \[[@CR16]\]. Leishmaniasis, endemic in over 80 countries, may exhibit a wide spectrum of clinical forms in affected individuals, from relatively mild cutaneous and mucocutaneous lesions to life-threatening visceral disease \[[@CR2],[@CR17]\]. Leishmaniasis transmission to susceptible vertebrates may be zoonotic, with dogs being the primary domestic reservoir hosts or anthroponotic, depending on the involved parasite species and geographical location \[[@CR2],[@CR16]\]. An epidemiologic association of *Leishmania* parasites and phleboviruses, due to shared sandfly vectors, has also been reported, with currently unknown implications \[[@CR18]\].

The objective of the current study is to investigate phlebovirus and *Leishmania* infections and to characterize circulating strains in vector sandflies collected from several locations of eastern Thrace region in Turkey and northern Cyprus, where preliminary information suggest the activity of these sandfly-borne pathogens \[[@CR19]-[@CR21]\].

Methods {#Sec2}
=======

Study setting and sample collection {#Sec3}
-----------------------------------

The study was undertaken in the eastern Thrace region in Turkey and the Turkish Republic of Northern Cyprus during July, 2013. Eastern Thrace is bordered on the west by Greece and on the northwest by Bulgaria, with the Aegean Sea to the southwest and the Black Sea to the northeast. It has a land area of 23.764 km^2^ (roughly 3% percent of Turkey's territory) and is separated from Asian Turkey (Anatolia or Asia Minor) by the Sea of Marmara (Figure [1](#Fig1){ref-type="fig"}). Edirne and Tekirdag provinces were included in the study from eastern Thrace, whereas in the Turkish Republic of Northern Cyprus, Lefkosa, Girne, Magosa and Guzelyurt provinces covering 76.6% of the land area (2.570/3.355 km^2^) were sampled (Figure [1](#Fig1){ref-type="fig"}).Figure 1**Illustrative map of locations targeted for sampling in the study.**

In Turkey, sandfly activity starts in early May and lasts until late October, depending on the region. For a precise sampling strategy, we used the developmental zero value previously calculated for *P. papatasi* \[[@CR22],[@CR23]\], and estimated that the first adult population of sandflies in the target zones occurs in June to July with a maximum density from July to August and a decrease in September. The field surveys were planned and executed according to these data in order to catch maximum number of sandflies for pathogen detection.

Sandfly sampling and processing {#Sec4}
-------------------------------

A total of 21 sites at 6 locations in suburban environments around villages were sampled using CDC Miniature Light Traps, equipped with an ultra-fine mesh (John W. Hock Company, Gainesville, FL) (Table [1](#Tab1){ref-type="table"}). Light traps were placed 1--2 meters above ground in the vicinity or in animal housing facilities in peridomestic sites and left on site from 18:00 to 06:00. Sampling was performed via installing 8 and 17 traps per night in the sampling region in Easthern Thrace and Northern Cyprus, respectively. Captured specimens were collected next morning, kept alive and transferred to the laboratory on ice. Sandflies that were dead upon collection or during transfer were omitted from pathogen detection protocols. These specimens were dissected individually and the head and genitalia were visualized in slides prepared with Swan solution for morphological identification to species level via published keys \[[@CR24]-[@CR27]\]. The remaining body parts were stored in 95% ethyl alcohol for DNA extraction. The specimens, collected and transferred alive, were pooled according to the collection site and date to include 1--25 individuals according to collection date and sex, and stored at −80°C.Table 1**Sandfly sampling locations and sites employed in the studyLocationSiteCoordinatesAltitude (meters)**Tekirdag provinceIzgar140°51\'39.1840\", 26°48\'25.6989\"158Izgar240°51\'39.6587\", 26°48\'18.6922\"211Saripolat40°50\'41.2548\", 26°46\'18.7068\"162Edirne provinceBostanli41°36\'54.8072\", 26°57\'58.2783\"100Lefkosa provinceHaspolat35°13\'46.5393\", 33°25\'07.4721\"139Degirmenli135°14\'40.2355\", 33°29\'17.3098\"143Degirmenli235°15\'03.7652\", 33°29\'50.3352\"178Girne provinceCamlibel35°17\'55.3330\", 33°02\'49.9450\"241Gecitkoy135°20\'21.0144\", 33°04\'06.1311\"42Gecitkoy235°20\'21.8936\", 33°04\'01.1799\"51Gecitkoy335°20\'25.3024\", 33°04\'00.5488\"55Karsiyaka35°21\'16.0184\", 33°07\'45.6885\"23Lapta135°21\'05.3645\", 33°08\'20.9347\"39Lapta235°21\'06.9917\", 33°09\'36.2187\"30Lapta335°21\'04.2826\", 33°09\'47.3865\"31Magosa provinceGecitkale135°16\'07.6325\", 33°43\'18.7998\"85Gecitkale235°16\'07.8482\", 33°43\'15.2791\"85Gecitkale335°16\'05.7037\", 33°43\'21.0783\"97Gecitkale435°16\'11.1765\", 33°43\'12.3796\"90Gecitkale535°15\'48.9168\", 33°43\'38.1456\"79Guzelyurt provinceBostanci35°09\'47.2358\", 33°01\'13.0118\"118

Sandfly pools were homogenized as described previously and clarified by centrifugation at 4000 rpm for 4 minutes \[[@CR28],[@CR29]\]. Subsequently, each pool was subjected to nucleic acid purification by High Pure Viral Nucleic Acid Kit (Roche Diagnostics, Mannheim, Germany), followed by reverse transcription via random hexamer primers using RevertAid First Strand cDNA Synthesis Kit (Thermo Scientific, Tokyo, Japan).

Detection of phlebovirus nucleic acids {#Sec5}
--------------------------------------

Consensus degenerate primers targeting the phlebovirus polymerase in the L segment of the viral genome (NPhlebo 1+/1- and 2+/2-) were used in a nested polymerase chain reaction (PCR) in pooled sandflies, as described previously \[[@CR30]\]. The expected amplicons of 244 bases were visualized under ultraviolet light after electrophoresis in 2% agarose gels. TOSV ISS.Phl.3 isolate, grown on Vero cells (ATCC CCL81) was used as a positive control and extreme care was taken to prevent carry-over contamination. All amplifications were performed in duplicate.

Detection of leishmania nucleic acids {#Sec6}
-------------------------------------

The conserved region of the kinetoplast minicircle classes found in all *Leishmania* species was targeted via a previously-described nested-PCR-based schizodeme method, that enables the identification of all *Leishmania* species with clinical impact as well as differentiation of Old World *Leishmania* complexes \[[@CR31]\]. The differentiation of Leishmania species is accomplished on the basis of PCR amplicon size, where *L. infantum* generates a 680 bp product whereas 750 and 560 bp products are amplified in *Leishmania tropica* and *Leishmania major*, respectively. The lower detection limit of the assay was reported as 0.1 fg of *L. infantum* DNA \[[@CR31]\]. All experiments were performed in duplicate.

DNA barcoding in sandflies {#Sec7}
--------------------------

The cytochrome c oxidase I (COI) gene, widely used for biological barcoding, was targeted in phlebovirus and *Leishmania* positive sandfly pools for species determination as well as selected samples identified morphologically to species level \[[@CR32]\]. Dissected thorax and abdomen from individual sandflies, stored in ethyl alcohol, were initially processed with DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany), prior to amplification. A 658-base pair sequence of the COI gene was amplified with LCO1490 and HCO2198 primers as described previously \[[@CR32]\].

Cloning, sequencing and data analysis {#Sec8}
-------------------------------------

Amplicons obtained from Phlebovirus, *Leishmania* and COI nested PCRs were characterized via sequencing. For this purpose, products were cleaned up using High Pure PCR Product Purification Kit (Roche Diagnostics, Mannheim, Germany), ligated to pJET1.2 vector supplied in CloneJet PCR Cloning Kit (Thermo Scientific, Foster City, CA, USA) and were used to transform cells, as directed by the manufacturers. Forward and reverse primers provided for sequencing were employed for the characterization of cloned amplicons using an ABI Prism 310 Genetic Analyzer (Applied Biosystems, CA, USA). Three to 10 clones were analysed for each target amplicon. Obtained sequences were aligned and analyzed using Bioedit v5.0.5 (<http://www.mbio.ncsu.edu/bioedit/bioedit.html>), CLC Main Workbench v5.2 (CLCBio, Aarhus, Denmark), and subsequently, by MEGA software v5.2 \[[@CR33]\]. Species confirmation of the obtained *Leishmania* sequences was further performed via BLAST (Basic Local Alignment Search Tool) searches in the GenBank (<http://blast.ncbi.nlm.nih.gov/Blast.cgi>).

Results {#Sec9}
=======

Sandfly specimens and DNA barcoding {#Sec10}
-----------------------------------

A total of 2690 sandflies, originating from locations in eastern Thrace (413/2690, 15.4%) and northern Cyprus (2277/2690, 84.6%) were collected in the study. Investigations for Phleboviruses and *Leishmania* were performed in 1910 specimens (1910/2690, 71%), which comprise 413 sandflies (413/1910, 21.6%) collected at locations in eastern Thrace and 1497 (1497/1910, 78.4%) sandflies collected in northern Cyprus (Table [2](#Tab2){ref-type="table"}). Female and male sandflies that comprise 1391 (72.8%) and 519 (27.2%) specimens, respectively, were distributed in a total of 195 pools for pathogen detection. All specimens from eastern Thrace were pooled whereas 780 specimens from northern Cyprus that could not be transferred to the laboratory alive were examined individually for complete morphological identification and DNA barcoding in selected specimens (Table [3](#Tab3){ref-type="table"}). The morphological examination revealed the presence of eight species belonging in the *Phlebotomus* and *Sergentomyia* genera in these specimens (Table [3](#Tab3){ref-type="table"}). The most frequent sandfly species was noted as *P. perfiliewi* sensu lato (72.6%), followed by *P.tobbi* (19.7%), *P. papatasi* (2.8%), *Laroussius* sp*.* (1.6%) and *S. azizi* (1.6%), *Sergentomyia* sp*.* (0.9%), *S. minuta* (0.5%) and *P. jacusieli* (0.1%) (Table [3](#Tab3){ref-type="table"}). DNA barcoding via COI PCR and sequence analysis were performed in 10 randomly-selected sandfly specimens, representing the most frequently-observed species in the sampling locations. These specimens include *P. perfiliewi* s. l. (2 female, 2 male), *P. tobbi* (1 female, 2 male) and *P. papatasi* (1 female, 2 male). Neighbour-joining analysis on the obtained amplicons confirmed the morphological identification (Figure [2](#Fig2){ref-type="fig"}).Table 2**Distribution of sandflies and pools employed for pathogen detection according to sampling sitesSite♀♂Total\# of poolsPhlebovirus positiveLeishmania positive**Eastern ThraceIzgar1351562912100Saripolat123200Bostanli105141191110Total2411724133410Northern CyprusDegirmenli24125300Camlibel134351691000Gecitkoy6801908704645Lapta228773051813Gecitkale5427811300Bostanci301747300Total1150347149716158Table 3**Distribution of sandflies with complete morphological identificationSpeciesHaspolatGecitkoyKarsiyakaLaptaBostanciTotal♀♂♀♂♀♂♀♂♀♂***P. papatasi*3284\--2-1222*P. jacusieli*\-\--1\-\-\-\-\--1*P. perfiliewi* s.l*.*\--318218111-1215566*P. tobbi*\--2725336035-1154*Larroussius* sp*.*\--11\-\--2\-\--13*S. azizi*\-\-\-\-\--733-13*S. minuta*\--1\-\--1-2-4*Sergentomyia* sp*.*\-\--1\-\--5-17Total323652494473431819780Figure 2**Neighbour-joining analysis of the partial cytochrome c oxidase I gene sequences obtained from Phlebovirus and** ***Leishmania*** **positive sandfly pools.** Kimura two-parameter distance model was used for taxon identity tree construction. Sequences characterized in this study are marked (coloured triangles) whereas standard sequences are indicated as organism and GenBank accession number (if available).

Phlebovirus sequences in sandfly pools {#Sec11}
--------------------------------------

Phlebovirus consensus PCR revealed positive results in six pools (6/195, 3.1%) originating from eastern Thrace (1/6) and northern Cyprus (5/6) (Table [2](#Tab2){ref-type="table"}). Sequencing of the cloned amplicons revealed TOSV sequences (GenBank accession numbers: KM111517, KM111518 and KM111519) in three sandfly pools collected in G3 and L3 sampling sites located in Girne province (Table [4](#Tab4){ref-type="table"}). All characterized sequences grouped with TOSV genotype A strains (Figure [3](#Fig3){ref-type="fig"}A and B), and demonstrated 0.01% intramural divergence, 97.50-97.92% nucleotide similarity with the prototype strain (TOSV ISS.Phl3) and 99.17% similarity with the genotype A strains previously identified in eastern Thrace and central Anatolia (data not shown). DNA barcoding revealed the infected sandfly species as *P. tobbi* and *P. perfiliewi* s. l. in 2 and 1 pools, respectively (Figure [2](#Fig2){ref-type="fig"}, Table [4](#Tab4){ref-type="table"}).Table 4**Features of sandfly pools positive for phlebovirus RNAPool no.Sampling siteSampling dateSequence IDHostPool sizeDNA barcoding**1B1July 4th, 2013Edirne virus KM111515, KM111516*Phlebotomus* spp.25 (♀)*P. perfiliewi* s.l.2G3July 11th, 2013Girne1 virus*Phlebotomus* spp.20 (♀)*P. perfiliewi* s.l.KM1115223G3July 11th, 2013Girne2 virus*Phlebotomus* spp.20 (♀)*P. perfiliewi* s.l.KM1115204L3July 10th, 2013Toscana virus*Phlebotomus* spp.20 (♀)*P. tobbi*KM1115195\*G3July 11th, 2013Toscana virus*Phlebotomus* spp.20 (♀)*P. tobbi*KM1115176G3July 11th, 2013Toscana virus*Phlebotomus* spp.20 (♀)*P. perfiliewi* s.l.KM111518\*positive for *Leishmania infantum*.Figure 3**Neighbour-joining analysis of the Phlebovirus partial nucleotide (A) and aminoacid (B) sequences.** Jukes-Cantor and p-distance models are employed for nucleotide and aminoacid data, respectively. Viruses included in the analysis are indicated with name, isolate identifier and GenBank accession number. Uukuniemi virus is included as an outlier. Sequences characterized in this study are marked (coloured circles). Toscana virus isolates Thr2012 and Ank2012 demonstrate sequences previously characterized in Eastern Thrace and Central Anatolia, Turkey.

One sandfly pool (1/34, 2.9%), collected from the single sampling site in Edirne province, eastern Thrace was positive in the Phlebovirus consensus PCR (Table [2](#Tab2){ref-type="table"}). Sequencing of the cloned amplicons revealed two closely-related sequences (s1 and s2, GenBank accession numbers: KM111515 and KM111516) with 1.6% nucleotide variation resulting in one aminoacid difference (data not shown), which demonstrated limited similarities to previously-described phleboviruses. These novel sequences were observed to have similarities of 74.17-77.08% on the nucleotide and 82.72-85.37% on the aminoacid levels to Adria and Salehabad viruses, respectively (Table [5](#Tab5){ref-type="table"}). Neighbour-joining analyses further supported these sequences to be distinct from other sandfly-borne phleboviruses, with very high bootstrap values and similar tree topologies in various analysis models (Figure [3](#Fig3){ref-type="fig"}). These sequences were considered to constitute a novel phlebovirus, tentatively named the Edirne virus, after the sampling province. Amplicons of the DNA barcoding PCR in the Edirne virus-infected sandfly pool were characterized as *P. perfiliewi* s. l. (Figure [2](#Fig2){ref-type="fig"}).Table 5**Pairwise comparison of the partial nucleotide (above diagonal) and aminoacid (below diagonal) sequences of the phleboviruses characterized in the study with various sandfly-borne phlebovirusesEdirneGirne1Girne2TOSVNaplesMassiliaPuniqueFermoProvinciaTurkeyCyprusSicilianCorfuChiosAdriaOlbiaSalehabad**Edirne59.4356.9757.3856.1532.3223.5354.1035.9844.4454.9255.7427.7642.874.1751.4677.08Girne157.3260.6660.6657.7934.2223.5158.6146.3149.1859.0259.0232.7044.6753.2836.8957.38Girne247.5654.8862.0860.4233.4620.0060.8333.2060.6672.9570.9033.8463.9349.1833.6152.46TOSV59.7663.4157.3270.4835.3623.5371.2539.3450.8261.0761.8936.8850.4154.1037.3057.79Naples54.8857.3254.8876.8333.0821.5770.4239.3448.7759.0260.2535.3648.7751.6436.0751.23Massilia54.8857.3258.5476.8367.0745.6336.1220.5327.0032.3233.4666.5428.8029.2819.7731.18Punique41.9843.9041.4663.4154.8863.4120.7819.9122.6923.5324.3138.4021.8524.3920.8319.17Fermo56.1059.7656.1085.3775.6173.1757.3238.9346.7257.7957.7936.1247.5450.8236.4854.92Provincia32.1056.1030.4934.1532.9332.9340.3034.1544.7137.3038.1121.2940.3837.6653.0137.50Turkey51.2256.1081.7159.7656.1065.8541.4659.7630.4981.6781.2528.9075.0047.2342.1045.49Cyprus51.2256.1082.9359.7656.1065.8541.4659.7630.4998.7894.5832.7062.5054.1037.357.79Sicilian51.2256.1081.7159.7656.1065.8541.4659.7630.49100.0098.7833.4662.5054.9235.2557.38Corfu48.7854.8895.1259.7656.1058.5441.4657.3230.4981.7182.9381.7128.1425.4819.3927.38Chios40.0043.9082.9345.1243.946.3447.8943.9035.2168.2968.2968.2985.3745.5339.4243.03Adria82.7251.2246.3454.8850.0052.4441.5652.4433.7750.0050.0050.0046.3442.8655.8478.33Olbia56.2534.1528.0536.5931.7130.4938.8134.1547.2728.0528.0528.0528.0532.3959.7653.33Salehabad85.3754.8851.2260.9853.6656.1039.0257.3231.7154.8854.8854.8852.4439.0297.5659.76GenBank accession numbers of virus sequences included in the table are: Edirne virus: KM111515, Girne1 virus: KM111522, Girne2 virus: KM111520, Toscana virus (isolate ISS.Phl3): NC006319, Sandfly Fever Naples virus (isolate Poona): EF095548, Massilia virus: EU725771, Punique virus: FJ848989, Fermo virus: HG793789, Provincia virus: GU446658, Sandfly Fever Turkey virus: GQ847513, Sandfly Fever Cyprus virus: AY962268, Sandfly Fever Sicilian virus (isolate Sabin): EF095551, Corfu virus: GQ165521, Chios virus: AY293623, Adria virus: HM043726, Olbia virus: GU446657, Salehabad virus: JX472403.

Furthermore, other novel sequences were characterized in two sandfly pools, after the sequencing of the p-hlebovirus amplicons detected in the sampling site G3 in Girne province. The first sequence (GenBank accession: KM111522) demonstrated 59.02% and 60.66% nucleotide similarities to SFSV/SFCV and TOSV, respectively. Moreover, similarities of 59.76% and 63.41% on the aminoacid levels to Fermo virus and TOSV were noted (Table [5](#Tab5){ref-type="table"}). The second sequence (GenBank accession: KM111520) revealed 70.70-72.95% sequence identity to SFSV-SFCV, and 82.93-95.12% aminoacid identity to SFCV and Corfu viruses, respectively (Table [5](#Tab5){ref-type="table"}). These novel sequences were also distinct from each other, having 39.34% divergence on the nucleotide and 45.12% divergence on the aminoacid levels. In the neighbour-joining analyses, the first sequence clusters with but appears distinct from Provincia virus, whereas the second sequence is grouped with Chios or Corfu-Utique viruses, supported again with high bootstrap values (Figure [3](#Fig3){ref-type="fig"}A and B). These sequences were tentatively named as Girne 1 and 2 viruses, according to the sampling province. Available homogenates from all phlebovirus positive sandfly pools were inoculated onto Vero cell monolayers, but virus replication could not be detected after several passages. COI barcoding of the sandfly pools with of Girne 1 and 2 virus sequences revealed *P. perfiliewi s*. l., the dominant sandfly species in this sampling location (Figure [2](#Fig2){ref-type="fig"}, Table [3](#Tab3){ref-type="table"}).

*Leishmania* sequences in sandfly pools {#Sec12}
---------------------------------------

Kinetoplast minicircle PCR was positive in 8 pools (8/195, 4.1%) originating from Gecitkoy (5/8) and Lapta districts (3/8) of the Girne province in northern Cyprus (Table [2](#Tab2){ref-type="table"}). Leishmania species in all sandfly pools were characterized as *L. infantum*, via amplicon size and subsequent sequencing. COI barcoding of the positive pools revealed all samples to belong in P. tobbi species. In one of the *L. infantum* positive sandfly pools from Gecitkoy district, TOSV sequences were also characterized, indicating the circulation and probable co-infection of these agents in vectors (Pool no. 5, Table [4](#Tab4){ref-type="table"}).

Discussion {#Sec13}
==========

Recently evidence demonstrates the spread of sandflies as well as sandfly-borne diseases including leishmaniasis and phleboviral infections into previously unaffected regions, such as northern Italy and inland Germany. The ecological expansion of the vectors, mainly driven by environmental factors, usually precedes the emergence of symptomatic infections in human and/or animals \[[@CR4],[@CR17],[@CR34]\]. Entomological surveillance provides crucial information on the circulating pathogens and their vectors, for assessing potential public health threat, for establishing optimal diagnostics and interventions to prevent transmission. The present study was carried out to detect and identify phlebovirus and *Leishmania* strains in two separate regions, the eastern Thrace and northern Cyprus, where reported cases suggest phleboviral infections and leishmaniasis \[[@CR19],[@CR35],[@CR36]\]. It covers a relatively large geographical area including regions with preliminary data as well as previously unexplored locations. To our knowledge, this is the first study undertaken to identify phlebovirus activity and characterize circulating viruses in sandflies in the target regions.

Field sampling of sandflies was performed at four locations in Edirne and Tekirdag provinces in eastern Thrace and at 17 locations in Lefkosa, Girne, Magosa and Guzelyurt provinces in northern Cyprus (Table [1](#Tab1){ref-type="table"}). A total of 2690 sandflies were captured, which comprise 84.6% and 15.4% of the specimens from northern Cyprus and eastern Thrace, respectively. Morphological identification was performed in 780 sandflies (28.9%) collected at various locations in northern Cyprus (Table [3](#Tab3){ref-type="table"}), which were considered as suboptimal for pathogen detection. Among these specimens, sandflies belonging to eight different species were identified, with *P. perfiliewi* sensu lato complex (that comprise *P. perfiliewi perfiliewi*, *P. p. galialeus* and *P. p. transcaucasicus* subspecies) \[[@CR37]\] being the most frequent (72.6%), followed by *P. tobbi* (19.7%), *P. papatasi* (2.8%) and others (Table [3](#Tab3){ref-type="table"}). In a previous field survey carried out during 2004 in several districts of northern Cyprus, including the majority of the current sampling locations, all species identified in the present study were reported among 12.517 sandflies collected \[[@CR38]\]. Similar to our findings, the presence of *P. perfiliewi* s.l. (as reported as *P. galilaeus*) was recorded and constituted the most abundant species in 80% and 30% of all sampling sites, respectively \[[@CR38]\]. Interestingly, 63.8% of all *P. perfiliewi* s.l. specimens were collected from Gecitkoy district, where it provided 56.2% of this species in 2013. Furthermore, *P. tobbi* was recorded in 85% of all sampling sites and it was the most abundant species in Lapta district, which are also comparable to our current findings, where this species were detected in four out of five sampling locations and mainly in Lapta (Table [3](#Tab3){ref-type="table"}). These observations suggest the persistence of similar distribution of sandfly populations in northern Cyprus, despite the relatively low number of sandflies employed for morphological identification and the cross-sectional nature of data collection in this study. Sandfly species inhabiting the southern Cyprus have also investigated in a number of previous studies \[[@CR39],[@CR40]\]. Here, the presence of eight *Phlebotomus* and three *Sergentomyia* species were reported, and the *Larroussius* species *P. galilaeus* and *P. tobbi* were observed as the most abundant. These data indicate the continuing activity of several sandfly species with vector competence for various pathogens throughout the island. We have further performed COI-based DNA barcoding analysis, which has not been done in previous studies, in a total of 10 individual sandflies that include *P. perfiliewi* s.l., *P. tobbi* and *P. papatasi* specimens, that constitute the frequently-observed species in the sampling locations. This approach provided not only a validation of the morphological identification, but also a basis for identification of the infected pools, as discussed below (Figure [2](#Fig2){ref-type="fig"}).

Phlebovirus screening via a nested PCR employing generic primers was performed in 1910 specimens distributed in 195 pools from northern Cyprus (1150 individuals in 161 pools) and eastern Thrace (241 individuals in 34 pools) (Table [2](#Tab2){ref-type="table"}). Phleboviral RNA could be detected in a total of 6 pools (3.1%) that comprise 5 pools (3.1%) from sampling sites in Gecitkoy and Lapta districts of northern Cyprus and 1 pool (2.9%) from Bostanli district of eastern Thrace (Table [2](#Tab2){ref-type="table"}). In 3 (60%) of the infected pools from Cyprus, TOSV partial sequences with very limited intramural nucleotide variations were characterized (Figure [3](#Fig3){ref-type="fig"}). This is the first detection of TOSV nucleic acids in the island of Cyprus. Despite the absence of reports involving probable cases in the Turkish Republic of northern Cyprus, virus exposure and seroconversion in a soldier serving in the United Nations forces during 1985 as well as a seroprevalence rate of 20% in a local population were observed in the southern part of the island \[[@CR41],[@CR42]\]. TOSV is endemic in the Mediterranean region and considered as one of the main central nervous system viral pathogens during sandfly active seasons \[[@CR1],[@CR7]\]. Genetically-divergent TOSV strains circulate in different endemic regions, with two distinct genotypes or lineages identified \[[@CR43]\]. The TOSV genotype A and B strains were mainly isolated in Italy and Spain, respectively, whereas in France, co-circulation of both genotypes have been reported \[[@CR7],[@CR43]\]. A third genotype, tentatively called as genotype C, is characterized in patients from Croatia \[[@CR44]\]. All TOSV sequences identified in sandfly pools in this study belong in genotype A strains, with high rates of similarity to strains of the identical genotype detected previously in Turkey \[[@CR19],[@CR45],[@CR46]\].

TOSV was initially characterized in *Phlebotomus perniciosus* sandflies in Tuscany region of Italy and repeatedly isolated in endemic countries from *P. pernicious* and *P. perfiliewi* s.l., which are considered as vectors \[[@CR1],[@CR3],[@CR7],[@CR47],[@CR48]\]. Nevertheless, viral genome has also been detected in *Phlebotomus sergenti* and *S. minuta* sandflies, with unknown impact as vectors for human transmission \[[@CR49],[@CR50]\]. In this study, TOSV-infected pools were characterized as *P. perfiliewi* s.l. in one pool and *P. tobbi* in two pools (Table [5](#Tab5){ref-type="table"}). Although COI barcoding was performed in pools, not in individual specimens, the acquisition of identical sequences from several clones (8--10 for each pool) and the distribution of sandfly species with complete morphological examination support COI findings. *P. tobbi* is a well-known vector of *L. infantum* in the Mediterranean area \[[@CR51]\]. In Cyprus, *P. tobbi* is reported as the sandfly vector for canine leishmaniasis, caused by *L. infantum*, and has reviously been isolated from *P. tobbi* in this region \[[@CR20],[@CR39],[@CR52]\]. Although not considered generally as a species with significant anthropophilic behaviour, recent reports indicate that *P. tobbi* can also feed on humans, and is associated with human cutaneous leishmaniasis caused by *L. infantum* in the Cukurova region of Turkey \[[@CR53]\]. Moreover, *P. tobbi* is shown to harbor *L. donovani*, an agent of visceral leishmaniasis as well, and is also reported from Cyprus \[[@CR54],[@CR55]\]. TOSV detection in hematophagous female sandflies in two separate locations implies that *P. tobbi* may also be associated with TOSV transmission. However, data from individual sandflies is required to confirm the probable involvement of *P. tobbi* in TOSV natural transmission cycles.

*Leishmania* screening via a consensus PCR targeting the kinetoplast minicircle in the collected sandflies was also performed in this study. While no detection could be achieved in pools from eastern Thrace, *L. infantum* DNA was characterized in a total of 8 pools collected from Gecitkoy and Lapta districts of Girne province in northern Cyprus (Table [2](#Tab2){ref-type="table"}). All infected pools were further characterized as *P. tobbi* via DNA barcoding. It is well-known that *L. infantum* is mainly responsible for canine leishmaniasis in Cyprus and has been detected in sandflies previously \[[@CR20],[@CR39],[@CR52]\]. Our findings indicate ongoing activity of this agent, observed more frequently than phleboviruses in vectors. Interestingly, concomitant infection of TOSV and *L. infantum* was revealed in a *P. tobbi* pool, collected in Gecitkoy district (Table [4](#Tab4){ref-type="table"}). Transmission of phleboviruses and *Leishmania* parasites via phlebotomine sandflies, sometimes by the identical species, has resulted in the assumption of an epidemiological connection between these agents. Similarities of ecological patterns revealed between Karimabad virus and cutaneous leishmaniasis in Iran provided early evidence \[[@CR56]\]. A retrospective serological screening in an endemic region in southern France also indicated a clear relationship between *L. infantum* and TOSV exposure \[[@CR18]\]. Moreover, the presence of *P. perniciosus* pools infected either with Massilia virus or *L. infantum* was identified in an urban area in the same region \[[@CR57]\]. We have detected co-infections of TOSV and or *L. infantum* in a pool of *P. tobbi* sandflies, demonstrating the activity of these agents in vectors. Since the positive pool consisted of 20 female specimens, it could not be determined whether co-infections originated from a single infected individual or not. Nevertheless, this finding confirms the previous preliminary data suggesting concomitant infections in local sandfly populations likely to transmit both agents. Currently, the impact of these observations is unclear. It needs to be determined whether concomitant or superinfections with these agents result in an increased rate of symptomatic infections or exacerbate clinical symptoms in exposed individuals.

Besides the widely-dispersed SFSV and TOSV, a vast diversity of phleboviruses has been revealed in sandflies in the endemic regions, which include Salehabad, Karimabad and Tehran viruses in Iran, Corfu virus in Greece, Arbia virus in Italy, Massilia virus in France, Granada virus in Spain, Punique and Utique viruses in Tunisia, Adria virus in Albania, as well as other putative isolates \[[@CR8],[@CR28],[@CR29],[@CR58]-[@CR64]\]. Recently-identified Fermo virus in Italy as well as Provencia and Olbia viruses in France and Saddaguia virus in Tunisia have also been included in the list of tentative local viruses \[[@CR65]-[@CR67]\]. Although serologic data indicate human exposure to some of these strains, their pathogenicity and association with clinical disease have not yet been fully elucidated. Some strains are yet to be isolated on cell cultures for complete biochemical and antigenic characterization and lack a full genome sequence \[[@CR3]\]. We have detected and characterized three novel phlebovirus sequences in *P. perfiliewi* s.l. pools in this study. The provisionally-named Edirne virus, identified in a location in Edirne province, eastern Thrace, exhibits maximum nucleotide and aminoacid similarities to Adria and Salehabad viruses among other members of the phlebovirus genus (Table [5](#Tab5){ref-type="table"}). Moreover, sequences indicating two distinct strains, named Girne1 and Girne2 viruses were characterized in Gecitkoy district of Girne province of northern Cyprus. Girne 1 virus is phylogenetically-grouped with, but remains distinct from, Provencia virus, identified in P. pernicious sandflies in Provence, southern France \[[@CR66]\]. (Figure [3](#Fig3){ref-type="fig"}). On the other hand, Girne2 virus groups with Chios virus in nucleotide-based dendrograms and with Chios-Utique-Corfu viruses in aminoacid-based dendrograms, due to the relatively short stretch of the viral genome characterized (Figure [3](#Fig3){ref-type="fig"}). SFCV, Corfu, Chios, SFTV, and Utique viruses are closely related to SFSV \[[@CR3]\]. SFCV and SFTV are isolated in patients with febrile disease in Cyprus and Turkey, respectively, and Chios virus was characterized as a partial sequence in a patient with severe encephalitis \[[@CR1],[@CR21],[@CR68]\]. Corfu virus was isolated from sandflies belonging to *P. major* s.l. on Corfu Island, and Utique virus was identified as partial sequences in *P. perniciosus* and *Phlebotomus longicuspis* from Tunisia \[[@CR29],[@CR59]\]. It remains to be elucidated whether Girne1 and Girne2 viruses are capable of, and are responsible for, sandfly fever in Cyprus where previous serological screenings have revealed human exposure to SFSV or antigenically-similar phleboviruses \[[@CR42]\].

Conclusion {#Sec14}
==========

TOSV genotype A nucleic acids were detected in *P. perfiliewi* s.l. and *P. tobbi* pools from northern Cyprus, the first characterization of this virus in the region. Ongoing activity *of L. infantum* was observed in this region as well. Co-infections of TOSV and *L. infantum* were demonstrated in a *P. perfiliewi* s.l. pool. TOSV must be considered in the etiology of febrile diseases with/without central nervous system involvement. Three novel phlebovirus strains have been characterized in eastern Thrace and northern Cyprus. The structural aspects and public health impact of these putative strains wait to be investigated fully.
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